Human T-cell leukemia virus type I (HTLV-
Human T-cell leukemia virus type I (HTLV-I) is considered to be an etiological agent of adult T-cell leukemia (ATL), an aggressive malignancy of helper T cells (1) (2) (3) (4) . HTLV-I has no classical oncogene (5) and its integration sites into cellular genomes do not show any specific patterns (6) . Besides the structural genes gag, poi, and env, HTLV-I genome has the unique pX region between env and the 3' long terminal repeat (LTR) (5) . This pX region has been shown to encode three proteins-Tax, Rex, and p21X (7) (8) (9) .
Tax is a nuclear protein (10) (11) (12) whose function is transcriptional transactivation of its cognate LTR (12) (13) (14) ; it also activates the expression of certain cellular genes including those encoding interleukin 2 (IL-2) and the a subunit of the IL-2 receptor (IL-2Ra) (15) (16) (17) (18) . Rex modulates viral RNA processing, resulting in accumulation of unspliced gag and partially spliced env mRNAs and in reduction offully spliced pX mRNA (19, 20) . This posttranscriptional regulator, Rex, has been shown to be localized in the nucleolus (21) . p21x is translated by using the second ATG of the same open reading frame as that of Rex, although its function is not known. In ATL cells, viral DNA sequences are monoclonally integrated into cellular DNA (22, 23) . To understand the role of HTLV-I in ATL development, it is necessary to study the biological function of the HTLV genes.
Here we report that a defective HTLV-I provirus (envpX-3' LTR) cloned from leukemic cells of an ATL patient, which possessed this defective provirus solely (23) , could transform fibroblasts. From mutational analysis, Tax was identified to be responsible for transformation and tumorigenesis.
MATERIALS AND METHODS
Plasmid Constructions. pSV2neo-OHS contains a defective HTLV-I provirus (env-pX-3' LTR) derived from leukemic cells of an ATL patient (23, 24) . To construct a higher expression vector, a 300-base-pair (bp) SfaNI/Bgl I fragment ofHTLV-I LTR from pSRS (25) was inserted into the BamHI site at the 3' side of the initiation site of the simian virus 40 (SV40) early promoter of pKCRH2 (26) with a sense orientation. Then a 2.5-kilobase-pair (kbp) Acc I/BamHI fragment of pSV2neo (27) was inserted into the Pvu II site at the 5' side of the initiation site of the SV40 early promoter with a sense orientation. One of the HindIII sites was destroyed by treating with Klenow fragment after HindIII partial digestion and was designated pH2Rneo (see Fig. 1 ). To obtain a plasmid that produces only Rex, pKCR27X was constructed by introducing the mutation on the first ATG of p21x in pKCR27+40X (T.N. and M.H., unpublished data) to ATT, which also creates the TGA stop codon in the frame for Tax, resulting in prematurely terminated Tax (60 amino acids). A 2.3-kbp HindIII fragment of pKCR27X was inserted into the pH2Rneo, designated pH2R27X. This plasmid retains a function as a posttranscriptional regulator (data not shown) in spite of the substitution of the second methionine of Rex by isoleucine. pH2R21X was constructed by inserting a 0.7 kbp Bal I fragment (nucleotides 7437-8091) ofAHTLVIC (28) into the pH2Rneo. The plasmid that encodes only Tax was constructed as follows; first, pKCR40X, which encodes Tax and p21x, was made by replacing the BamHI (nucleotide 5095)/Sma I (nucleotide 8308) fragment ofpKCROHS (24) by the corresponding fragment of pHA40X (21) To evaluate production of functional Tax in stable transformants, transient transfection with pHLC1 containing the HTLV-I LTR linked to the chloramphenicol acetyltransferase (CAT) reporter gene and measurement of CAT activity were performed as described (28) .
Assays for Growth Properties. pSV2neo-0HS. To elucidate the biological activity of HTLV-I, pSV2neo-OHS, which has a defective provirus (env-pX-3' LTR) under control of the SV40 promoter (schematically shown in Fig. 1 ) was introduced into NIH 3T3 cells by DNA transfection. Two G418-resistant cell populations (SP3T3-mix-1 and SP3T3mix-2) and three G418-resistant clones (SP3T3cl-1, SP3T3cl-2, and SP3T3cl-3) were obtained and their growth properties were examined. They grew to a higher cell density than parental NIH 3T3 cells or two G418-resistant cell populations transfected with pSV2neo (N3T3mix-1 and N3T3mix-2), as shown in Table 1 , although no apparent morphological changes were observed.
To test them for anchorage-independent growth, these cells were suspended in soft agar and incubated for 4 weeks. NIH 3T3 cells transfected with pSV2neo-OHS (SP3T3mix-1, SP3T3cl-1, and SP3T3cl-3) grew and formed small colonies (Table 1) . Rex and Tax proteins were detected in SP3T3cl-1, SP3T3cl-2, and SP3T3cl-3 by immunoprecipitation, and productions of functional Tax were confirmed by elevation of CAT activity when pHLCi was transfected into them (data not shown). As pSV2neo-OHS encodes three pX proteins termed Tax, Rex, and p21x, we attempted to identify a gene responsible for this growth-stimulating activity.
Growth Properties of NIH 3T3 Cells Transfected with pH2R27X, pH2R40M, and pH2R21X. Among cells transfected with pH2Rneo, pH2R27X, pH2R40M, and pH2R21X, NIH 3T3 cells stably transfected with pH2R40M (40M3T3-mix, 40M3T3cl-1, and 40M3T3c1-2) grew beyond the saturation density of parental NIH 3T3 cells and formed colonies in soft agar (Table 1) . Dense cell sheets and colonies in soft agar of 4OM3T3mix and 4OM3T3cl-1 (shown in Fig. 2 K, 0 and L, P, respectively) were similar to those of SP3T3mix and SP3T3cl-1 (shown in Fig. 2 2D). Tax protein was detectably produced in 40M3T: 40M3T3c1-1, and 40M3T3c1-2, shown in Fig. 3A (lanes respectively). Thus, Tax alone induced the growth stir tions similar to those observed by transfection with pSV, OHS.
Transforming Activity of Tax in Rat-1 Cells. Rat-1 cells, fibroblast cell line, were transfected with the same plas analyzed in NIH 3T3 cells. As observed in NIH 3T3 pSV2neo-OHS and pH2R40M stimulated Rat-1 cells to beyond the saturation density of the parental cells and transfected with pH2Rneo (NRRatmix) and to form colonies in soft agar rapidly (Table 2) . Although cells ti fected with pSV2neo-OHS (SPRatmix and SPRatcl-1) pH2R40M (40MRatmix, 40MRatcl-1, and 40MRatcl-2) not morphologically changed during logarithmic growtl observed in NIH 3T3 cells, morphological changes i recognizable a few days after reaching confluence (Fig. 4 They grew as heaped up foci sporadically and had a tend' to be detached from the culture plates in the area of foc G418-resistant cell population transfected with pH2R designated 27XRatmix, became longer and thinner and arranged like a palisade as observed in NIH 3T3 cells (Fig.  but did without further increase (Table 2 and Fig. 4 E and F). Neither cells transfected with pH2R21X, 21XRatmix, nor 27XRatmix formed real colonies (Table 2 and Fig. 4 G and H). In contrast, pSV2neo-OHS and pH2R40M stimulated Rat-1 cells to form large colonies in soft agar, macroscopically visible within 2 weeks (Fig. 4 M-P) . Tax was detected by immunoprecipitation in SPRatmix, SPRatcl-4 40MRatmix, 40MRatcl-1, and 40MRatcl-2 (Fig. 3B, lanes 3-7) . A4.-g,,!. .. be identified. Both ATL leukemic cells and T-cell lines transformed in vitro by HTLV-I constitutively express large numbers of IL-2Ra (31, 32) . In some cases of ATL, ATL cells seem to proliferate by an autocrine mechanism (33) . In in vitro experiments, Tax has been shown to activate both genes of the human IL-2 and IL-2Ra (15-18, 22, 34) and to induce high-afflinity IL-2R in some T-cell lines (35) . In this regard, Tax appears to play an important role in leukemogenesis of ATL via an aberrant stimulation ofan IL-2 system, especially at an early stage. The transforming activity of Tax identified in the present study is not apparently related to the IL-2 system or to an immortalizing event, because our in vitro transformation system was based on the already established rodent fibroblast cell lines. Tax transactivates transcription from the HTLV-I LTR not only in T cells but also in B cells and nonlymphoid cells (12, 13, 24) . Exogenous Tax in T cells and fibroblasts also activates some promoters of the lymphokine gene (36) . Therefore, the transforming activity of Tax identified in fibroblasts may also be active in T cells through such a common transcriptional pathway, suggesting that Tax may play another important role in HTLV-I-infected T cells during cancer development in a manner different from the aberrant activation of the IL-2 system or immortalization. As additional or different cellular alterations may be required to produce tumors of NIH 3T3 cells by Tax, the tumorigenicity ofTax might be expressed only when such cellular alterations as in Rat-1 cells coincide upon immortalized T cells.
The transgenic mice with tax gene develop neurofibromas in muscle (37, 38) that may correspond to our in vitro transformation, although the transgene also encodes p2lX that might influence the phenomena of the transgenic mice.
Recently, Tax has been shown to transactivate c-fos gene expression (39) . Activation of the IL-2Ra promoter by Tax involves the requisite function of the KB element (16) (17) (18) (40) (41) (42) . The Tax protein is capable of interacting with other transcription factor systems (43) . Tumorigenic conversion of primary embryo fibroblasts by Tax may require another collaborating oncogene like the ras gene (44) . Further analysis of biochemical and genetic changes in our in vitro transformation system will clarify such factors involved in Tax-mediated transformation.
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